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ABSTRACT 

High time resolution spectroscopic observations of the ultra-compact helium dwarf 
nova 'SN2003aw' in its quiescent state a,t V ^ 20.5 reveal its orbital period at 
2027.8 ±0.5 seconds or 33.80 minutes. Together with the photometric "superhump" 
period of 2041. 5±0. 5 seconds, this implies a mass ratio (7 « 0.036. We compare both 
the average and time-resolved spectra of 'SN 2003aw' and SDSS J124058.03-015919.2 
([Roclofs ct al. 2005). Both show a DB white dwarf spectrum plus an optically thin, 
helium-dominated accretion disc. 'SN2003aw' distinguishes itself from the SDSS 
source by its strong calcium H & K emission lines, suggesting higher abundances 
of heavy metals than the SDSS source. The silicon and iron emission lines observed in 
the SDSS source are about twice as strong in 'SN2003aw'. The peculiar "double bright 
spot" accretion disc feature seen in the SDSS source is also present in time-resolved 
spectra of 'SN2003aw', albeit much weaker. 

Key words: stars: individual: SN 2003aw - binaries: close - novae, cataclysmic 
variables - accretion, accretion discs - stars: individual: SDSS J124058. 02-015919. 2 



1 INTRODUCTION 

The AM CVn stars are ultra-compact binaries; white dwarfs 
accreting from a degenerate, helium-rich companion star. 
They have orbital periods shorter than about one hour, 
clearly indicating the evolved nature of their donor stars. 
Their accretion disc spectra show mainly helium, with no 
traces o f hydrogen and v arying contributions of heavy met- 
als. See iNeleman j ^2005^ for a recent review. 

No less than six new members of the small AM CVn 
family, including the first eclipsing system, have been found 
in the last year or so ]Woudt fc Warnejl2005l:lRoelofs et alJ 
l2005l:lAnderson et alJl2005^ . Optical spectroscopy of one of 
the new me mbers, SPSS J124 058. 02-015919. 2 (hereafter 
SDSS J1240. lRoelofs et alJl2005ll allowed for a measurement 
of the orbital period and of the mass ratio, and showed a 
peculiar and as yet not understood feature of two equally 
strong bright spots in the accretion disc, in strong contrast 
with the usual one bright spot attributed to the impact of 
the accretion stream into the disc. In this paper we present 
time-resolved spectroscopy of another recent addition to the 
family, and a close relative of SDSS J1240: 'SN2003aw'. 

'SN 2003aw' was found as a supernova candidate in 
February 2003, based on an observed strong increase in 
brightness (maximum V^16.5) a nd its supposed positiona l 
coincidence with a faint galaxy llWood-Vasev et al.ll2003|) . 



but lChornock fc Filippenkol i2003l) identified it spectroscop- 
ically as a helium-rich dwarf nov a. Following their announce- 
ment, IWoudt fc Warneil ll2003fl performed fast white- light 
photometry on the source, from which a periodic modula- 
tion of 2041. 5±0. 5 seconds was derived. They attributed this 
period to a superhump, although an analysis of the Fourier 
spectrum showed sidebands to the main period that could 
point to an orbital modulation rather than a superhump. 



Over a period of about six months from its detection 
as a supernova candidate the source was seen to decline to 
its apparent quiescent state at V ^ 20.5 iWoudt fc Warneil 
20031). We caught the star in quiescence in December 2003, 
when we took a few low-resolution spectra. Our first set 
of phase-resolved spectroscopic observations was taken in 
March 2004, thirteen months after its discovery, with the 
star still in quiescence near V = 20.5. In May 2004 the star 
was reported to be in outburst again (Noganii ct al. 200j) 
with an even higher maximum detected brightness at 1/ = 15. 
In March 2005 we then obtained our second, larger set of 
phase-resolved spectra, the star having returned to a quies- 
cent state again near V — 20.5. 
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Date UT Exposure Exposures Line Equivalent widths (A) 

time (s) SDSS J12401 'SN2003aw'2 



Magellan 



2003/12/15 


08:08- 


-08:40 


900 


3 


VLT 










2004/03/18 


01:27- 


-02:43 


260 


14 


2004/03/19 


00:24- 


-01:23 


260 


14 


2005/03/01 


00:30- 


-05:04 


180 


70 


2005/03/02 


00:37- 


-03:33 


180 


39 




03:38- 


-05:22 


240 


22 



Table 1. Summary of our observations of 'SN2003aw'. 



2 OBSERVATIONS AND DATA REDUCTION 

We obtained phase-resolved spectroscopy of 'SN 2003aw' on 
18 and 19 March 2004, and on 1 and 2 March 2005 with 
the Very Large Telescope (VLT) of the European Southern 
Observatory and the FOcal Reducer/low dispersion Spec- 
trograph (FORS2). The observations consist of 159 spectra 
in the blue (grism 600B), most of them with a 180-second 
exposure time. Typical seeing was 0.6" giving an effective 
resolution of ~4 A; for 50 of the 159 spectra we used slightly 
longer exposure times of 240 or 260 seconds because of less 
perfect seeing conditions resolution ~6A). 

All VLT observations were done with a l" slit. The 
detector was the MIT CCD mosaic of which only chip 1 
was used; binning was standard 2x2 pixels. Low read-out 
speed and high gain minimized the read-out and digitisation 
noise, respectively. In order not to add more noise to the 
spectra, we subtracted a constant bias level from each CCD 
frame. The bias level was determined per frame from the 
overscan regions on the CCD. A normalised flatfield frame 
was constructed from 5 incandescent lamp flatfield frames 
each night, which ensured a cosmic-ray-free final fiatfield. 

All spectra were extracted using the IRAF implementa- 
tion of optimal (variance- weighted) extraction. The read-out 
noise and photon gain, necessary for the extraction, were 
calculated from the bias and fiatfield frames, respectively. 
Wavelength calibration was done with a standard HeHgCd 
arc exposure taken during the day. A total of around 40 arc 
lines could be fitted well with a Legendre polynomial of or- 
der 3 and 0.14 A root-mean-square residual. All spectra were 
transformed to the heliocentric rest-frame prior to analysis. 

The average spectrum was corrected for instrumental 
response using spectroscopic standard star EG274. 

In addition to the phase-resolved spectra described 
above, we obtained three 900-second spectra with the 
IMACS spectrograph on the Magellan-Baade telescope at 
Las Campanas Observatory on 15 December 2003. An 0.7" 
slit together with the 300 lines/mm grating provided cover- 
age between 3400-9500 angstrom at 4.6 A resolution. 

A summary of all observations is given in table Q 



3 RESULTS 

3.1 Average spectrum 

The fiux-calibrated average spectrum of 'SN 2003aw' is 
shown in figure It is a striking match to the average blue 



He I 5876 


-31.3 ±0.5 


-30.3 ±0.5 


He I 6678 


-19.6 ±0.1 


-18.5 ± 1.1 


He I 7065 


-25.0 ±0.1 


-25.5 ± 1.7 


He I 7281 


-10.3 ± 0.1 


-11.3 ±2.2 


Fen 5169 


-2.1 ± 0.2 


-5.0 ±0.5 


Sin 6347 


-2.2 ±0.1 


-4.0 ±0.4 


Can 3934 


0.0 ±0.5 


-5.6 ±0.5 


Can 3968 


0.0 ±0.5 


-5.6 ±0.5 



Table 2. Equivalent widths of several accretion disc emis- 
sion lines, includin g estimated errors. ^Spectra published in 
iRoelofs et ail |20o3); ^Hel 6678, 7065 & 7281 lines based on our 
Magellan spectrum (not shown). 

spectrum of SDSS J1240 from lRoelofs et alJ (|20o3). The lat- 
ter is reproduced in figure^for easy reference. The spectrum 
of 'SN 2003aw' also shows the characteristic broad helium 
absorption lines, presumably from the accreting white dwarf, 
in addition to the double-peaked emission lines, mainly he- 
lium, from the accretion disc. There are a few differences: 
first, the accretion disc lines are much broader, extending to 
~1000 km/s FWHM, suggesting a higher inclination than 
SDSS J1240. Second, the accretion disc shows strong cal- 
cium H & K emission, in addition to the iron and silicon 
features also seen in SDSS J1240. TableHhsts the equivalent 
widths of a number of accretion disc emission lines for both 
SDSS J1240 and 'SN 2003aw'; the blue helium lines are omit- 
ted because of the strong infiuence of the underlying white 
dwarf's absorption lines. The strengths of the helium lines 
are identical in both objects, whereas the heavy metal lines 
are significantly stronger in 'SN2003aw'. The He I 5876 line 
is blended with a weak unidentified emission feature around 
5896 A in both objects, which might be Na D. This emission 
feature is included in the equivalent widths of the He I 5876 
line in table |21 

3.2 The spectroscopic period 

To determine the spectroscopic period of the b inary, we 
used a modified versio n of the method used bv lNather et alJ 
Jl98lfl . as described in lRoelofs et"ai] Figure H shows 

the resulting Lomb-Scargle periodogram of red wing-blue 
wing emission line fiux ratios. The long baseline between 
our 2004 and our 2005 observations causes a fine pattern 
of aliases on top of the usual 1 day~^ aliases in the peri- 
odogram. The strongest peak occurs at 42.6 cycle/day. In 
addition to the main peaks around this frequency there ap- 
pears to be a weak group of high er harmonics much like in 
SDSS J1240 iRoelofs et al.ll2005l) . The strongest harmonic 
is exactly three times the frequency of the overall strongest 
peak, compatible with a second bright spot in the accretion 
disc appearing 120 degrees out of phase. 

3.3 Doppler tomography 

3. 3. 1 Features of the accretion disc 

Figure |3 shows the trailed spectra and m aximum-entropy 
Doppler tomograms llMarsh fc Hornelll988l) of the strongest 
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Figure 1. Average spectra of SDSS J1240 (top spectrum 
axis). The most prominent lines are labelled. Uncertain identifications carry a question mark 
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Figure 2. Lomb-Scargle periodogram of the red wing/blue wing 
emission line flux ratios. The lower panel provides a magnified 
view of the strongest peaks. 



lines of 'SN2003aw'. There is one strong emission bright 
spot causing a clear S-wave in the trailed spectra; the He I 
5015 line also shows a second S-wave at approximately 30% 
of the flux of the main S-wave. There are two lines in the 
current data that ar e also present in the SDSS J1240 data of 
iRoelofs et all J2005D . namely Sin 6347 and Hei 5876; these 
are compared directly in figure 0| The double bright spot 
pattern in the SDSS source is not reproduced in 'SN 2003aw', 
but there do seem to be very weak secondary bright spots 
at approximately the same position as in the SDSS source. 



3.3.2 The orbital period 

In section lX^ we determined the spectroscopic period from a 
periodogram of red wing-blue wing emission line flux ratios. 
The clear kinematic S-wave feature in the trailed spectra, 
when phase-folded on this spectroscopic period, indicates 
that we are seeing the orbital motion of the binary. The 
strength and sharpness of the bright spot in the Doppler 
tomograms, especially in the Hell 4686 line, allows us to 
determine the orbital period quite accurately. The coverage 
per night during our 2005 run (about 4.5 hours) is sufficient 
that we can distinguish between the true orbital period and 
its 1 day~^ aliases in the periodogram, since these aliases 
already lead to noticeable smearing of the bright spot signal 
when phase- folding the spectra from a single night. 

Assuming that the bright spot is fixed in the binary 
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Figure 3. Trailed spectra (top row), average-subtracted trailed spectra (middle row) and maximum-entropy Doppler tomograms (bottom 
row) of the strongest He I and He II features. 
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Figure 4. Detailed comparison of Doppler tomograms between 
SDSS J1240 (top row) and 'SN2003aw' (bottom row). The to- 
mograms of 'SN2003aw' are aligned with those of SDSS J1240 
artificially, since we do not have a zero-phase measurement for 
'SN2003aw'. A linear back-projection code that can cope with 
the Si 11 line being at the edge of our spectral window is used for 
'SN 2003aw'. 



frame, we can further refine the orbital period by lining up 
the phases of the bright spot in the tomograms of March 1 
and March 2, 2005. The bright spot phases are determined 
by fitting a 2-D Gaussian in the Doppler tomograms. We es- 
timate the uncertainty in the fitted bright spot phases with 
a simple Monte Carlo simulation, where we make a large 
ensemble of Doppler tomograms from our dataset using the 
bootstrap method. For each March 1 Doppler tomogram we 
thus randomly pick 70 spectra out of the set of 70 spectra 
that we have for this night, allowing for a spectrum to be 
picked more than once. We fit a 2-D Gaussian to each to- 
mogram in the ensemble; the resulting distribution of fitted 
bright spot locations in Kx,Ky space gives an estimate of 
the accuracy allowed by the data. 

In practice there may also be an intrinsic shift in the 
bright spot phase due to changes in the effective accretion 
disc radius at the stream-disc impact point. In such a sce- 
nario, the radial velocity of the bright spot in the Doppler 
tomograms is expected to change more than its phase, since 
both the accretion stream and accretion disc velocity (at the 
stream-disc impact point) change faster with accretion disc 
radius than their directions, for reasonable accretion disc 
radii (see, for instance, figure 5 in Roelofs et al. 2005). The 
radial velocity change measured in the bright spot between 
March 1 and 2, 2005 thus gives us a reasonable measure 
for the maximum intrinsic bright spot phase shift. We add 
this radial velocity change to the statistical fit uncertainty 
from the Monte Carlo ensemble; both give an uncertainty 
of about 20 km/s. The total uncertainty in lining up the 
bright spots from March 1 and 2, 2005 thus comes out at 
~4 degrees. The orbital period and its error then become 
Porb = 2027.8 ± 0.5 seconds. 
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The one-year baseline between our 2004 and 2005 runs 
does not allow us to trace the orbit all the way in between, 
since one revolution fewer or more between these runs would 
correspond to a phase drift of just about one degree between 
the two consecutive nights of our 2005 run, which is below 
the accuracy with which we can measure the bright spot's 
phases in the 2005 data. 



4 DISCUSSION 

4.1 Chemical composition of the accretion disc 

iMarsh et alJ (^^) first modelled the accretion disc spec- 
trum of the 46-minute orbital period AM CVn star GP 
Com and found a strong underabundance of heavy met- 
als relative to the Sun. In particular, expected emission 
lines of singly ionised iron, silicon and calcium were missing 
from the spectrum. The recently discovered AM CVn star 
SDSS J1240 showed clear Feii 5169, Sin 6347 and Sin 6371 
emiss ion, compatible with solar abundances iRoelofs et alJ 
I2OO5I) . Calcium H & K were also expected if solar abun- 
dances of heavy metals were assumed, but could not be 
found in the spectrum. They do show up strongly in the 
spectrum of 'SN2003aw' presented here. The spectrum of 
'SN2003aw' furthermore shows possible weak iron features 
near 5276 and 5317 A not seen in SDSS J1240 (cf. figure[T||. 
The possible Na D emission feature in both SDSS J1240 and 
'SN2003aw', mentioned in section ITTI must originate in rel- 
atively cool parts of the accretion disc — a large part of the 
disc where most of the emission linos originate is expected 
to be at ~11,000K (see .Mar sh ct al. 1991 for a discussion), 
where the sodium should be largely ionised and the Na D 
lines would not show up. The feature does not show any 
bright spot (nor the typical double-peaked profile) in the 
trailed spectra, which fits with being Na D or a similar low- 
temperature feature. 

We now have two emission-line systems that seem to be 
strongly underabundant in heavy metals (GP Com, Porb = 
46min and V396 Hya (=CE 315), Porb = 65min), which to- 
gether with their high proper motions suggests a halo origin, 
and two systems showing more or less the expected metal 
lines if solar abundances of heavy metals are assumed (SDSS 
J1240, Porb = 37min and 'SN2003aw', Porb = 34min). The 
stronger silicon and iron lines in 'SN 2003aw' relative to he- 
lium (by about a factor of 2, see table |5J can probably be 
accommodated by a higher column density of gas in the disc 
- e.g. due to a higher mass transfer rate - and saturated he- 
lium lines. The complete absence of calcium H & K in SDSS 
J1240 is more difficult to explain, but together with the no- 
tion that the Sin 6347 & 6371 lines in SDSS J1240 origi- 
nate exclusively from the bright spots, this suggests some- 
what higher abundances of heavy metals in 'SN2003aw' (if 
we assume both discs to be largely at «11,000K). A more 
detailed study of these optically thin helium-dominated ac- 
cretion discs is beyond the scope of this paper, but will be 
interesting for estimating the mass transfer rates and for 
putting more accurate constraints on the chemical abun- 
dances in the discs. 



4.2 The second bright spot 

The remarkable double b right spot feature in SDSS J1240 
(see iRoelofs et al.l (|200^ for a discussion on its possible 
origins) was one of the motivations for obtaining the ob- 
servations presented here. Since the average spectrum of 
'SN 2003aw' looked so similar, and since the suggested or- 
bital period from the photometric superhump was quite close 
to that of SDSS J1240, it was interesting to see if the accre- 
tion disc would show the same behaviour. 

From the trailed spectra and Doppler tomograms (fig- 
ure (SJ it is clear that the Hei 5015 line does indeed show 
a second S-wave much like in SDSS J1240, but it is sig- 
nificantly weaker at about 30% of the integrated flux of the 
main S-wave. A direct comparison of the He I 5876 and of the 
Sill 6347 line, for which there are phase-resolved spectra of 
both objects, shows the weakness of the second bright spot 
in these lines compared to SDSS J1240 (figure |1J. So more 
than anything else, 'SN2003aw' adds to the diversity of the 
second bright spot feature. A very recent ly discovered new 
AM CVn star, 2QZ J142701. 6-012310 JWoudt fc Warneil 
|2005^ with a suggested orbital period near 36 minutes (again 
based on a photometric superhump period), even closer to 
the orbital period of SDSS J1240, may be a nice test case 
for this still enigmatic feature. 

4.3 The orbital period 

We measure an orbital period Porb ~ 2027.8 ± 0.5 sec- 
onds. This proves that the ph otometric period of 2041. 5 ± 
0.5 seconds first detected by IWoudt fc Warneil (|200^ is 
a superhump period. Therefore the helium dwarf nova 
' SN2003aw', like the permanent superhumper AM CVn 
jNelemans. Steeehs fc Grootil200lD . exhibits positive super- 
humps, which are usually explained as the beat period of 
the orbit and the prograde precession of a tidally deformed 
eccentric accretion disc. If we employ the latest empirical 
relation between the mass ratio q and the superhump pe- 
riod excess e, as determined from superhump and orbital 
periods of a large num ber of hydrogen-rich dwarf novae by 
IPatterson et alj ll2005ll : 

e(g) =0.18g-h0.29g^ (1) 
where 

-Ph Porb 

^ ^ FT ^ ' 

orb 

we find q = 0.036±0.003. This compares to q = 0.039=b0.010 
determined kinematically for SDSS J1240 llRoelofs et alJ 
I2OO5) . It should be stressed that the relation Q may not be 
well-calibrated for these extreme mass ratios, and in reality 
e might depend on more parameters than just q. The quoted 
error on the mass ratio may therefore be a bit optimistic. 
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